The behaviour of gases produced by fission is of great importance for nuclear fuel in operation. An experimental method for the quantitative determination of the total Xe concentration, including the gas trapped in bubbles, in each phase of an irradiated MOX nuclear fuel was developed in our laboratory.
Xe measurement. Indeed, Nd is a fission product that forms a solid solution in UO 2 and (U,Pu)O 2 and does not show any sign of migration after its production. These two isotopes can be used to have an estimation of the local burn-up, hence of the local Xe production.
Moreover, for each crater, the local isotopic content in Pu and U, allows identifying the local phase (Pu-poor agglomerate, intermediate phase or Pu-rich agglomerate). It also allows the detection of cases where the craters, aimed to analyse one specific phase, involved in fact also one of the surrounding phase. This checking work can be complemented post SIMS by a SEM examination and EPMA Pu maps, so that the phases involved in the measurement can be known precisely.
In addition, detailed lines (<1 μm spots, 2 μm steps) of isotopic analyzes (Nd, Pu, U...) through all three phases can be performed. This refines the knowledge of each phase composition as a function of the radial position.
Furthermore, the PRODHEL model, used in the fuel behavior code ALCYONE and developed to calculate the helium production in the fuels [13] , has been expanded to allow fuel composition calculation in each phase of the MOX fuels. Isotopic compositions calculated with PRODHEL have been compared with SIMS measurements in each phase. That showed a good consistency.
It is concluded that the microanalysis techniques SIMS, EPMA and SEM, used in association, prove to be very powerful tools for the characterization of the fission gases in irradiated nuclear MOX fuel and also validate fuel modeling. 
